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(57) A tyre (20) comprises a bead core (22) of fer- 
romagnetic material, for example steel wire, around 
which one or more windings (30a : 30b, 30n) of con- 
ducting wire are wound to form the secondary of an elec- 
tricity generator of the induction type. The assembly of 
windings and bead core (22), together with the circuits 
using the electricity thus generated, is produced as a 
single unit to be incorporated, together with the bead 
filler (26), in a bead (26) of the tyre, and of one or more 
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magnets fixed with respect to the hub of the wheel or 
integral with the chassis of a vehicle comprising a wheel 
(1 6) fitted with the tyre (20), which induce current in the 
windings. If the magnets are electromagnets (32) sup- 
plied with alternating current, the electricity generator 
operates both when the wheel (1 8) is rotating and when 
the wheel is stationary. On the other hand, if the mag- 
nets are permanent magnets (66) or electromagnets 
supplied with direct current, the electricity generator op- 
erates only if the wheel (1B) is rotating. 



Tyre containing a generator for supplying electrical power to devices incorporated into the 
tyre, and method for its manufacture 
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1 EP 1 C 

Description 

[0001] The present invention relates to a tyre lor use 
on motor vehicles, trailers, motorcycles, aircraft or sim- 
ilar (referred to generally as "vehicles" in the following 
text), provided with an electricity generator which can 
supply sensors and any other circuits incorporated in the 
said tyre, the generator having no galvanic contact with 
fixed or rotating components present in the vehicle. In 
particular, the invention relates to a tyre in which the unit 
formed by one part of the generator, the sensors and 
the bead wire constitutes an assembly to be incorporat- 
ed in the carcass of the tyre during its manufacture. 
[0002] The invention also relates to a method for the 
manufacture of the said tyre. 

[0003] The structure of an ordinary tyre essentially 
comprises a carcass provided with at least one piece of 
reinforcing rubberized fabric, or carcass ply, each of 
whose edges is fixed to at least one circumferentially 
inextensible annular metal core, commonly known as 
the bead core, which is the reinforcing member which 
keeps the tyre on its mounting rim. The carcass is com- 
pleted by a pair of sidewalls, in axially opposing posi- 
tions, and a tread strip disposed on the crown of the cas- 
ing and impressed with a relief pattern which imparts to 
the tyre particular qualities of behaviour in use. The tyre 
can also be provided with a belt structure, normally pro- 
duced with rubberized fabrics incorporating metal rein- 
forcing cords, interposed between the carcass and the 
tread band. 

[0004] Circuits comprising encoders and/or sensors, 
connected to transponders (which receive signals and 
transmit responses), supplied by induction, and housed 
within vehicle tyres or wheels, have been known for 
some time. 

[0005] For example, patent application WO 90/1 2474, 
having the title "Vehicle tyre identification system", de- 
scribes a system consisting of a transponder located 
within a tyre ; supplied by a winding disposed in the 
crown portion of the tyre, or at least situated in a position 
remote from the bead cores of the said tyre (p. 5, lines 
20-22). 

[0006] This winding is supplied by induction with an 
alternating current of suitable frequency by means of a 
large excitation winding which is disposed outside the 
tyre and carried by a scanning tool such as a bar, or 
located in a fixed place, for example in the road surface, 
and which is brought close to the equator of the tyre 
where the said transponder supply winding is housed. 
[0007] In the absence of information on this matter, 
the applicant considers that this arrangement remote 
from the bead cores is due to the necessity of preventing 
the reduction of the efficiency of the winding by parasitic 
currents which would be generated in the bead core by 
the inductive coupling between the bead core and a 
winding disposed in its vicinity. An advantage of the sys- 
tem described is the fact that the transponder supply 
winding, because of its dimensions, operates even if the 
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diate vicinity, whereas the latter arrangement is neces- 
sary if the supply winding has a small diameter and is 
situated in a closely defined point of the crown or of the 
5 sidewall of the tyre. 

[0008] However, the device proposed in patent appli- 
cation WO 90/12474 has at least the following draw- 
backs: 

10 a) it requires transponder supply windings posi- 
tioned close to the equator of the cover, in other 
words just under the tread band or in its immediate 
vicinity, to minimize the losses of efficiency of the 
said windings due to the presence of the bead 

IS cores. This greatly complicates the tyre production 
process and has the further disadvantage of poten- 
tial structural problems due to the presence of the 
winding in a part of the tyre subject to considerable 
stresses and deformations when in use; 

20 b) it necessitates the installation of the device using 
the power generated by the winding in the same 
highly mechanically stressed part of the cover 
where the winding is located, or, alternatively, the 
incorporation in the tyre sidewall structure of elec- 

25 trodes to transfer the said power to a more suitable 
position for its use. 

[0009] Another example is provided by US patent 
5,181,975, which describes a transponder supplied by 

30 a winding which is situated in the bead of the cover, and 
is separate from the bead core but inductively coupled 
to the bead core; the currents induced in the bead core 
by an external magnetic field which varies in a sinusoidal 
way induce, in turn, voltages in the transponder supply 

35 winding. 

[0010] This location of the secondary winding (induc- 
tive antenna), like the location in the crown described 
previously, offers the advantage of always having a 
good inductive coupling to the primary winding (trans- 

40 mitter). However, this solution also presents problems 
in respect of both the mechanical characteristics of the 
tyre (with a substantially inextensible turn housed in a 
particularly complex and partially deformable structural 
area, namely the bead area) and its manufacturing proc- 

45 ess. 

[0011] US patent 4,006,449, having the title "Informa- 
tion detector for a tyre wheel", describes a system of 
supplying a sensor of tyre operating parameters, such 
as internal pressure and/or temperature, consisting of a 

50 winding comprising a specified number of turns located 
on the edge of the rim in a radially inward position with 
respect to the axis of rotation of the wheel. 
[0012] The winding is connected to a passive trans- 
ducer (the sensor) which communicates with the interior 

55 ol the tyre, being located in the sealing cap of the air 
filling valve of the said tyre. The said circuit receives an 
excitation signal induced by a first coil fixed to the chas- 
sis of the vehicle and connected to an alternating current 
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source which is also fixed to the vehicle; the impedance 
of the said coil depends on the passive transducer, since 
the latter affects the strength and/or phase of the exci- 
tation signal. 

[001 3] A second fixed coil, inductively coupled to the 
turns of the rotating winding, senses the said variations 
of amplitude and/or phase and is connected to a circuit 
for processing the sensed signals, which controls both 
an indicator of the sensed values and any provided 
alarm devices which are activated in the presence of 
anomalous values of the parameters, such as a loss of 
pressure in the tyre due to a puncture or fault in it. 
[0014] This system would behave in a fairly satisfac- 
tory way, producing on the dashboard of a vehicle reli- 
able information on the operation of the tyres, combined 
with warnings of dangers due to anomalous situations, 
if it did not have an intrinsic weakness consisting in the 
flexible connections between the circular winding locat- 
ed on the rim and the transducer located within the cap 
of the air filling vaJve. These connections, being affected 
both by the centrifugal stresses caused by the rotation 
of the wheel and by the stresses due to the inevitable 
impacts of the wheel against accidental obstacles (when 
running over broken ground, pavements, etc.), are sub- 
ject to frequent rupture. 

[0015] US patent 4,717,905, having the title "Warning 
system including means for remotely energizing condi- 
tion sensing device - , describes a system for remotely 
supplying at radio frequency one or more devices for 
sensing state conditions, such as the internal conditions 
of tyres, wherein a radio signal generated by a radio- 
frequency source is received by a circular coil antenna 
installed on the rim of the wheel of a vehicle and is used 
to supply one or more transducers of physical values, 
for example pressure, connected to the antenna. The 
transducer varies the resonant frequency of the oscillat- 
ing circuit comprising the antenna installed on the rim 
as a function of the value of the physical quantity which 
is being monitored; the variation of the resonant fre- 
quency is sensed by circuits associated with the radio- 
frequency generator and can then be used to control in- 
struments and alarms on the dashboard of the vehicle. 
[0016] The principal disadvantages of the described 
system are inherent in the geometrical and mechanical 
design of the system: the coil antenna mounted on the 
rim has to be electrically connected to the sensors in- 
corporated in the tyre, with the usual problems related 
to the low reliability of connectors which have to be in- 
corporated in parts subject to large deformations, such 
as the structural components of tyres. 
[0017] The examination of the prior art as described 
above reveals that there is not yet available a simple 
and reliable electricity generator which is capable of 
supplying sensors of operating parameters of the tyre 
or other devices and which does not use electrical con- 
nections, particularly those with equipment fixed outside 
the tyre, with all the problems associated with them. 
[0018] The applicant has now discovered that the 



bead cores of tyres, being structural components which 
are always present both in tyres with radial carcass and 
in those with conventional carcass, can be used advan- 
tageously as the core of a secondary inductive element. 

5 In particular, bead wires are usually made from steel 
wire or strip, in other words from ferromagnetic material 
and are therefore suitable for use as the core of a sec- 
ondary inductive element. Furthermore, their magnetic 
permeability may be increased if necessary by the ad- 

10 drtion of suitable materials capable of increasing the 
linked magnetic flux. 

[0019] The applicant has also discovered the use, as 
a primary inductive element, of a magnet or an electro- 
magnet which Is advantageously fixed to a support 
is which is mounted on the hub of the wheel and is there- 
fore in a fixed position. 

[0020] The applicant has further discovered that the 
user circuits may also advantageously be mounted, with 
the secondary inductive element, on a structural mem- 

20 ber which is substantially free of large deformations, 
such as the reinforcing bead core of the bead. 
[0021] The bead core is in fact the least deformable 
structural member of the tyre and is therefore well suited 
for use as the base for mounting electronic devices for 

25 sensing and transmitting signals, these devices, owing 
to their rigidity, fragility and sensitivity, not being gener- 
ally suitable for inclusion in elastomeric components 
subject to large deformations. 

[0022] In a first aspect , the present invention relates 
so to a tyre for vehicle wheels, comprising a toroidal car- 
cass provided with axially opposing sidewalls terminat- 
ing in beads for fixing the said tyre to a corresponding 
mounting rim, each of the said beads being provided 
with a reinforcing annular core, a tread band disposed 
3S on the crown of the said carcass and axially extending 
continuously between the said sidewalls, characterized 
in that at least one of the said annular cores is used as 
a ferromagnetic core and at least one turn of conducting 
wire is wound around the transverse profile of the said 
40 annular core to form a secondary inductive element of 
an electricity generator. 

[0023] According to the invention, the said secondary 
inductive element can be associated with at least one 
primary inductive element to form the said electricity 
45 generator, the said primary inductive element and the 
said secondary inductive element being movable with 
respect to each other 

[0024] Preferably, the said annular core comprises a 
layer of material with high magnetic permeability. In an 
50 alternative embodiment, the said annular core compris- 
es a plurality of blocks of material with high magnetic 
permeability. 

[0025] In a different preferred embodiment, the said 
annular core is made from steel and comprises a matrix 
55 of the elastomer or plastomer type, either thermoplastic 
or thermosetting, containing soft ferromagnetic material 
in powder form. 

[0026] Preferably, the said tyre comprises electronic 
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circuits supplied from the said secondary inductive ele- 
ment. 

[0027] More preferably, the said electronic circuits 
comprise means for sensing certain parameters of the 
tyre. In particular, the said electronic circuits are fixed to 5 
the said annular core. 

[002B] Preferably, the said sensing means comprise 
at least one temperature sensor and/or at least one 
pressure sensor and/or a pair of extensometers, dis- 
posed in two orthogonal directions, which sense the de- io 
formations of the said annular core. 
[0029] In particular, the said electronic circuits com- 
prise data transmission means capable of transmitting 
the said parameters of the tyre. 

[0030] In another different aspect, the present inven- is 
tion relates to a system for sensing and signalling pa- 
rameters of the physical state of a tyre for vehicle 
wheels, mounted on a corresponding mounting rim, 
comprising a tyre having a toroidal carcass provided 
with axially opposing sidewalls terminating in beads for 
fixing the said tyre to the said rim, each of the said beads 
being provided with a reinforcing annular core, a tread 
band disposed on the crown of the said carcass and ax- 
ially extending continuously between the said sidewalls, 
a device for sensing the said parameters of the physical 
state of a tyre, and an electricity generator for the supply 
of the said sensing device, characterized in that at least 
one of the said annular cores is used as a ferromagnetic 
core and at least one turn of conducting wire is wound 
around the transverse profile of the said annular core to 
form a secondary inductive element of the said electric- 
ity generator. 

[0031] Preferably, the said secondary inductive ele- 
ment can be associated with at least one primary induc- 
tive element to form the said electricity generator, the 
said primary inductive element and the said secondary 
inductive element being movable with respect to each 
other. 

[0032] According to a preferred embodiment, the said 
primary inductive element comprises at least one per- 
manent magnet. In an alternative form, the said primary 
inductive element comprises at least one electromagnet 
and at least one second turn of electrically conducting 
wire wound around the transverse profile of the said at 
least one electromagnet to form at least one primary 
winding of the said electricity generator. 
[0033] In particular, the said electromagnet is sup- 
plied with direct current, or with alternating current, or 
with direct current and with alternating current. 
[0034] In another different aspect, the present inven- 
tion relates to a method for producing a tyre, comprising 
the following steps: 

producing on the preparation machines the semi- 
finished products required for building a tyre, com- 
prising a pair of ferromagnetic annular elements for 
fixing the said tyre to a corresponding mounting rim; 
- forming a first secondary winding of an electricity 



generator, by disposing on at least one annular core 
of the said pair, called the annular coil element, at 
least one first turn of electrically conducting wire, 
wound around the transverse profile of the said an- 
nular coil core, and 

- assembling the said semi-finished products on tyre 
building machines to form a green carcass for the 
said tyre, comprising at least one annular coil core. 

[0035] Preferably the step of forming the said first sec- 
ondary winding comprises the step of fixing means for 
sensing certain physical parameters ol the tyre, sup- 
plied from the said power generator, to the said annular 
coil core. 

[0036] In particular, the step of disposing a layer of 
material with high magnetic permeability on the circum- 
ference of the said at least one annular core while it is 
without the said one turn is carried out before the step 
of forming a first secondary winding. 
[0037] In another different aspect, the present inven- 
tion relates to a method for generating an electrical cur- 
rent within a tyre for the supply of at least one electronic 
device, comprising the stage of inducing a variable mag- 
netic field in a winding formed by at least one turn wound 
around a bead core belonging to the said tyre. 
[0038] The present invention will be described below, 
solely by way of example and without restriction, with 
reference to some preferred embodiments, as shown by 
way of example in the attached figures, in which: 

Figure 1 is a partial perspective sectional view of a 
tyre mounted on a motor vehicle wheel rim and com- 
prising the current generator according to the 
present invention; 

Figure 2 is a partial view of the assembly to be in- 
serted in the bead of a tyre; 

- Figure 3 is a partial view, on the plane perpendicular 
to the axis of rotation, of an example of a current 
generator according to the invention (in a version 
with two magnets and two windings on the bead 
wire); 

- Figure 4 is a diagram, partially of th e circuit diagram 
type and partially of the block diagram type, of the 
supply current generator and of devices for sensing 
tyre parameters and transmitting the measure- 
ments obtained; 

Figure 5 shows an example of a possible mechan- 
ical configuration of the whole electronic system, 
mounted on a single flexible printed circuit; 
Figure 6 shows, in the same view as that of Figure 
3, an example of the embodiment of the generator 
in the version provided with permanent magnets, 
which is therefore capable of operating only when 
the wheel is in motion. 

[0039] With reference to Figure 1 , a tyre 20 comprises 
a carcass of toroidal form, which has a central crown 
portion 21 from whose edges two axially opposing side- 
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walls 24 extend radially inwards and terminate in annu- 
lar areas of high rigidity 28, usually known as beads, 
each of these being reinforced with at least one inex- 
tensible annular reinforcing core 22, usually known as 
a bead core. 

[0040] The supporting structure of the said carcass 
comprises at least one reinforcing ply 23, each of whose 
opposing lateral flaps is fixed to a corresponding bead 
core 22, for example by wrapping it from the inside out- 
ward around the said bead core. On the outer peripheral 
edge of each bead core there is usually applied an an- 
nular elastomeric filling 26, of substantially triangular 
section, usually called the "bead filler", which occupies 
the space formed between the reinforcing ply and the 
corresponding wrapped around lateral flap. 
[0041] As already stated, the axially opposing areas 
of the tyre comprising the said bead cores 22 and their 
bead filler 26 form what are known as beads, each of 
which is indicated as a whole by the number 28, and 
which are intended for fixing the tyre 20 on the corre- 
sponding mounting rim 16 of a vehicle wheel. 
[0042] A belt structure 25, comprising two or more 
strips of rubberized fabric made from textile or metal 
cords incorporated in a sheet of compound, may be as- 
sociated coaxially with the said carcass structure. 
[0043] On the crown portion of the carcass, or on the 
belt structure 25 if present, there is applied a tread band 
27, which extends axially in a continuous way between 
the said sidewalls, and by means of which the tyre 20 
makes contact with the ground. The tread band 27 com- 
prises a plurality of recesses and grooves which delimit 
a corresponding plurality of strips and/or blocks, the 
whole forming a tread pattern. 

[0044] The tyre structure described above has been 
well known for some time to those skilled in the art, and 
it is therefore unnecessary to add further details; it is 
also known that this structure may comprise many other 
structural members such as bead reinforcing edges, fill- 
ing strips under the edges of the belt, waterproofing lin- 
ers on the carcass ply in a radially inward position, and 
others, according to the specific type of tyre in question. 
[0045] With reference to Figure 2, an electrical current 
generator according to the invention includes a second- 
ary inductive element which comprises the bead core 
22 as the ferromagnetic core, and at least one winding 
30 of conducting wire, comprising at least one turn 
wound on the said core, to form the said secondary in- 
ductive element. This secondary inductive element (il- 
lustrated in Figure 2 in the version with only one winding 
on the bead wire) constitutes the moving (rotating) por- 
tion of the current generator according to the invention. 
[0046] During operation, the said secondary inductive 
element is linked to a magnetic field 34 generated by a 
primary inductive element comprising at least one mag- 
net, preferably an electromagnet 36 provided with a core 
38 covered by an excitation winding 39. The electro- 
magnet 36 is fixed to a support 1 2 mounted on the hub 
of the wheel, and constitutes the fixed portion of the cur- 



rent generator according to the invention. 
[0047] The bead wire 22 generally consists of the 
winding of a wire or of a group of wires adjacent to each 
other, or alternatively a steel strip 19, wound spirally in 

5 a certain number of radially superimposed layers; the 
material of the wire or of the strip 19 normally has good 
mechanical properties, having preferably a breaking 
load of at least 500 MPa (megapascals) and a breaking 
strain of at least 3%. 

10 [0048] Preferably, in order to increase the magnetic 
properties of the said material, the said winding com- 
prises, preferably in a radially inner and/or outer posi- 
tion, a layer of material with high magnetic permeability, 
preferably not less than 5000 Gs/Oe (gauss/oersted), 

15 such as an amorphous metal alloy. 

[0049] Alternatively, the layer of material with high 
magnetic permeability may advantageously be divided 
into a number of parts, for example when it has a break- 
ing strain of less than 3%, and in particular when its duc- 

20 tility is insufficient to withstand the possible deforma- 
tions of the bead core, especially at the time of mounting 
of the cover on the rim. 

[0050] According to yet a further alternative: the bead 
core 22 consists of a winding of fibres or yarn or cords 

25 having at least tensile strength, preferably textile cords 
having a modulus equal to or greater than 50 GPa (gi- 
gapascals) and a breaking load equal to or greater than 
500 MPa, for example those made from Kevlar® (reg- 
istered trade mark of DuPont), incorporated in a matrix, 

30 preferably based on elastomeric material, containing 
ferromagnetic material in the form of powder or fibrils, 
or combined with a layer of material with high magnetic 
permeability as defined above. 

[0051] Preferably, only one of the bead cores 22 of 

35 the tyre 20, hereinafter termed a •coil bead core", is pre- 
pared to form the said secondary inductive element, 
and, even more preferably, the tyre 20 is assembled on 
to the mounting rim 16 with the bead 28 provided with 
this bead core 22 mounted on the axially inward side, in 

40 other words on the vehicle side. 

[0052] Still with reference to Figure 2, the voltage de- 
veloped periodically across the terminals o1 the winding 
30 can be used to supply electronic circuits and sensors 
of the condition and/or operation of the tyre. According 

45 to the invention, this voltage is preferably applied to an 
electronic data sensing and transfer device 44, compris- 
ing microcircuits connected to sensors of conditions of 
the tyre, for example extensometers which sense the 
deformations of the bead core, or sensors of tempera- 

50 ture and/or pressure. By way of example, Figure 2 
shows two extensometers 46, 48, otherwise known as 
"strain-gauge transducers", mounted in two directions 
orthogonal to each other to constitute a conventional 
temperature -compensated bridge means; this pair of 

55 extensometers constitutes a sensor of the longitudinal 
deformation of the bead core from which the effects of 
temperature variation have been eliminated. Figure 2 
does not show temperature sensors, since these are 



5 



9 



EP 1 002 669 A1 



10 



conveniently integrated in the electronic d9V!C9 AA. 
[0053] Where the primary inductive element is con- 
cerned, the winding 39 of the electromagnet 36 is pref- 
erably supplied with alternating current to enable the 
winding 30 to generate a supply current both when the 5 
wheel 1 B is stationary and when the said wheel is in mo- 
tion. The power supply frequency is preferably chosen 
in such a way as to permit an effective induced signal in 
the winding 30 to supply the electronic device 44. 
[0054] The power supply frequency may, for example, 
lie within the range from 3 kHz to 30 kHz, and is prefer- 
ably of the order of 10 kHz. The power supplied is of the 
order of a few watts (approximately 3 W), and can be 
used to supply circuits with a consumption of the order 
of approximately 10 mW., 

[0055] The winding 39 is excited by means of a direct 
to alternating current converter, supplied from the elec- 
trical system of the vehicle, and not shown in the figures 
since it is not relevant for the purposes of the invention. 
[0056] Figure 2 shows a first preferred example of an 
embodiment of the invention. In this example, the bead 
core 22 consists of a steel strip 19, with a breaking load 
of more than 1700 MPa and a section of 6 x 0.7 mm, 
wound spirally on itself to form 5 radially superimposed 
layers. 

[0057] In a radially inward position from this bead wire 
22 there is wound, along the whole circumferential de- 
velopment of the bead core, a layer 29, as wide as the 
strip 1 9 and having a thickness of 1 .5 mm, consisting of 
30 turns of FeB1B14Si3C2 amorphous metal alloy (me- 
tallic glass) having a thickness of 50 urn, to form a bead 
wire with characteristics of high magnetic permeability. 
[0058] Two windings 30a and 30b are disposed 
around this bead core (Figure 3). Each of the said wind- 
ings is preferably formed by a winding of enamelled cop- 
per wire, with a diameter of 0.2 mm, wound around the 
transverse profile of the bead core 22 with adjacent 
turns disposed with a linear density of 2 turns/mm. Two 
electromagnets 36a and 36b, mounted on the fixed part 
of the wheel hub, and disposed at 180° 1o each other, 
face the windings 30a and 30b in turn during one revo- 
lution of the wheel. 

[0059] Each of the electromagnets 36a and 36b, 
which are integral with the hub, consists of a core 38 of 
substantially C-shaped ferromagnetic material, with the 
opening facing the bead core 22, and provided with a 
winding 39a and 39b respectively, made with enamelled 
copper wire with a diameter of 0.2 mm through which 
an alternating current passes so that it acts as a primary 
inductive element of a generator, rotating with respect 
to the windings 30a and 30b on the bead core, which 
act as secondary inductive elements of the said gener- 
ator, thus providing a supply to the electronic device 44 
which monitors the state of the tyre both when the wheel 
is stationary and when the wheel is in motion. 
[0060] This embodiment with the electromagnets 36a 
and 36b supplied with alternating current, preferably at 
a frequency of 10 kHz, produces in the secondary in- 



ductive element a particularly efficient, continuous and 
uniform generation of power which can be used to sup- 
ply the electronic device 44 for sensing and transfer of 
data. If the circumferential distance between the wind- 
ings 30a and 30b is small, as shown in Figure 3, the 
jointly generated voltage is virtually constant; if this dis- 
tance is sufficiently large, there will be two brief interrup- 
tions in the supply in each revolution making it possible 
to incorporate a precision tachometer in the electronic 
device 44. 

[0061] The impedance of each winding is approxi- 
mately half that of a single winding, as described previ- 
ously, but this is accompanied by a greater structural 
complexity; the choice between the two solutions pref- 
erably depends on the electrical characteristics of the 
circuits of the electronic device 44. 
[0062] Preferably, the number of windings 30 on the 
bead core 22 will lie in the range 1rom 1 to B and the 
fraction of the circumference of the bead core covered 
by the winding or windings will lie in the range from 1/10 
to 10/10. The total number of turns of all the windings 
preferably lies in the range from 500 to 5000. 
[0063] The number of magnets of the primary induc- 
tive element also preferably lies in the range from 1 to 
8. The general configuration of the system (the number 
and length of the windings) depends on the require- 
ments of the user circuits, in particular on whether an 
uninterrupted power supply is required or whether op- 
eration for only a fraction of the period of revolution of 
the wheel is possible. The simplest design is that con- 
sisting of a single winding over the whole of the bead 
core ; with a single primary electromagnet 36, preferably 
integral with the hub of the wheel, which enables the 
movements transmitted to the tyre by the steering and 
suspension to be followed while the distance, preferably 
lying in the range from 1 mm to 10 mm, between the 
primary electromagnet 36 and the adjacent surface of 
the rim 16 is kept substantially unchanged. 
[0064] The solution with the single winding is pre- 
ferred in cases in which the rather high impedance of 
such a circuit does not adversely affect the operation of 
the system. 

[0065] In a different alternative embodiment, a single 
secondary winding 30 is excited by two or more primary 
electromagnets 36: this solution is advantageous when, 
for reasons related to the configuration of the suspen- 
sion of the vehicle, it is preferable to install a plurality of 
low-power magnets instead of a single more powerful 
and larger magnet. 

[0066] In another preferred embodiment of the inven- 
tion, the magnets are electromagnets 36 supplied with 
direct current or permanent magnets (66a-66f in Figure 

6). 

[0067] In this way the electronic device 44 is supplied 
only when the wheel is in motion, but this has the ad- 
vantage ol providing an additional indication which can 
determine the speed of rotation of the wheel. 
[0066] With reference to Figure 6, an example of a 
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configuration intended to operate only with the wheel in 
motion is shown, and comprises permanent magnets 
66a-66f, preferably consisting of samarium-cobalt or 
iron-neodymium-boron sintered alloy. 
[0069] tn the example illustrated, the bead core 22 
carries a number of windings equal to 3, in other words 
30a, 30b and 30c, connected in series, the length of 
each being less than 1 /6 of the circumference. The wind- 
ings may be made from a single enamelled copper wire 
with a diameter of the order of 0.2 mm and a number of 
turns of the order of 3000. 

[0070] The circuit constructed according to this exam- 
ple is therefore particularly simple, since, although the 
system is provided with three secondary windings, it re- 
quires only one rectifier bridge 50a with the correspond- 
ing capacitors. The primary inductive element consists 
of 6 C-shaped permanent magnets, 66a, 66b, 66c, 66d, 
66e, 66f, mounted side by side, so that there is an alter- 
nation of North and South pole extensions, and fixed on 
the support 1 2 which is integral with the hub of the wheel 
18. Since the assembly of three secondary windings 
connected in series is equivalent to a circuit formed by 
a single winding, the printed circuit mounted on the bead 
core in this example is equivalent to that which will be 
described subsequently with reference to Figure 5. 
[0071] Alternatively, the permanent magnets may be 
replaced with electromagnets having windings supplied 
with direct current from the electrical system of the ve- 
hicle. 

[0072] The preferred configuration for this alternative 
type of generator is that in which the circumference of 
the bead core is divided into 2 N equal arcs and N said 
arcs, for example the odd-numbered ones, each have 
a winding formed on them and connected in series. It 
should be noted that each of the N arcs is not necessar- 
ily completely covered by the winding; in fact, it is ad- 
vantageous to concentrate the turns on a fraction of the 
length of each of the said arcs. TTie preferred method of 
achieving this is to form the windings from a single 
enamelled copper wire, in such a way that the connec- 
tion in series is created without the need to use joints, 
soldering or connectors. Alternatively, one or more of 
the wires used to form the secondary windings may be 
made with other appropriate materials having an ade- 
quate cross-section. For example, aluminium wires or 
conducting polymers may be used. 
[0073] In order to increase the available power, it is 
also possible to form on the bead core a plurality of wind- 
ings connected in series, as described above, with each 
winding having its own rectification and control circuit. 
2 N C-shaped permanent magnets, consisting for exam- 
ple of samarium-cobalt or iron-neodymium-boron alloy 
which is sintered or in the form of a powder incorporated 
in an organic or ceramic matrix, disposed in the se- 
quence North-South, South-North, North-South, and so 
on, thus forming an alternation of south and north mag- 
netic poles, are mounted on a circular support which is 
integral with the hub. Alternatively, all these magnets 



may be replaced with a single ring magnet with N north 
pole extensions and N south pole extensions alternating 
with each other. If necessary, the system may have a 
number of pairs of poles smaller than N, with only partial 
s coverage of the circumference; such a configuration, 
which is clearly lighter than the full configuration, will be 
capable of supplying a lower electrical power than the 
latter, but without adverse effects on the continuity of the 
power generation during the revolution of the wheel, un- 
to like what would happen if the number of windings of the 
secondary were also less than that required to bring the 
whole circumference into operation. 
[0074] It should be noted that the example illustrated 
in Figure 6 is provided solely for guidance, since a sim- 

15 pie and easily read diagram is required. In reality, given 
the sizes of the rims and the space in which the magnets 
can be disposed, it is preferable to use a number 2 N of 
permanent magnets 66 lying in the range from 20 to 60, 
in combination with N windings, particularly in order to 

20 increase the operating frequency of the system at low 
rotation speeds of the wheel, in such a way as to in- 
crease the induced flux and to reduce the capacitance, 
and consequently the size, of the capacitors used. 
[0075] In a further alternative embodiment; the mag- 

25 nets are electromagnets, one or more of which can be 
supplied with a combination of alternating current super- 
imposed on a direct current, thus providing a current 
with two harmonic components, one at the frequency of 
the alternating current of the primary (the reference fre- 

30 quency) and the other at a frequency equal to n times 
the inverse of the period of revolution of the wheel. This 
enables the circuits present in the cover to distinguish 
between the state with the wheel stationary and the 
state with the wheel in motion, and to determine ex- 

3$ tremely precisely the speed of rotation of the wheel, by 
deducing it from the ratio between the two frequencies, 
without the need to use a reference frequency, such as 
that provided by a quartz oscillator, which would be nec- 
essary if the same result were required from permanent 

40 magnets or from electromagnets supplied with direct 
current. 

[0076] With reference now to Figure 4, according to 
the invention this shows a preferred embodiment of an 
electronic device 44 for sensing and transferring data, 

45 advantageously supplied by the current generator ac- 
cording to the present invention. 
[0077] The portion of the figure encbsed by the bro- 
ken line corresponds to a conventional highly integrated 
electronic device 44, shown in Figure 5. 

50 [0078] The said device is electrically connected to the 
windings 30a, 30b, 30n present on the bead core 22, 
coupled inductively to the windings 39a, 39b, 39n 
present on the ferromagnetic core 38a, 38b, ... } 38n of 
the electromagnets 36a, 36b, .... 36n. 

55 [0079] These windings 30a-30n are connected to rec- 
tifier bridges 50a, 50b, 50n respectively (through cor- 
responding capacitors 58a, 5Bb, 58n) whose capac- 
itance is such that the resonant frequency of the oscil- 
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Sating circuit is tuned to that of the supply to the electro- 
magnets 36a, 36b, 36n which supply (If necessary 
through a resistor not shown in the figure) a first filter 
capacitor 52, a voltage stabilizing circuit 54 and prefer- 
ably also a second filter capacitor 56, thus producing a * 
continuous supply voltage at the power supply terminals 
marked 0V and V 8 . This continuous supply voltage is 
used to supply the remaining circuits of the electronic 
device 44. 

[0080] The electronic device 44 comprises, in addition 
to the rectifier bridges 50 and the stabilizer circuit 54, an 
analog/digital (A/D) converter 60 which converts the an- 
alog signals supplied by the sensors 46 and 48 to digital 
data to be sent to a microprocessor 62 for the process- 
ing of the acquired data and for the control of the trans- 
mission protocol, a radio transmitter 64 which drives a 
transmission antenna 67 to send the messages to com- 
puters or instruments having display devices, mounted 
for example on the dashboard of the vehicle, or to other 
equipment. 

[0081] The circuit in Figure 4 also comprises the pre- 
viously mentioned extensometers 46 and 48, connected 
by means of a Wheatstone bridge. 
[0082] Preferably, the electronic device 44, the sen- 
sors 46 and 48, the capacitors 52, 56 and 58, and the 
transmission antenna 67 are mounted on a printed cir- 
cuit formed from a suitable insulating material such as 
those known by the trade names Makrolon®, Teflon® or 
Kapton®. 

[0083] The transmission antenna 67 may advanta- 
geously be formed by a suitable track of the said printed 
circuit. 

[0084] Preferably, this printed circuit is adhesively 
bonded or otherwise fixed to the bead core 22, more 
preferably on its radially outer surface, before the filler 
26 is added to the bead core. 

[0085] A possible physical configuration of the said 
printed circuit is shown in Fig. 5, for the case of a single 
secondary winding around the bead core. 
[0086] It is important to note that, within the scope of 
the present invention, it is possible to use for the data 
transmission many other solutions known per se within 
the field of data transmission without galvanic contact. 
[0087] For example, as an alternative to the radio 
transmitter 64, of the conventional or Direct Sequence 
Spread Spectrum (DSSS) type, it is possible to use sub- 
systems which transmit the stream of digital data 
through the same magnetic coupling which is used for 
power transmission between the primary magnet and 
the secondary winding. 

[0088] Transmission may be carried out, for example, 
by modulating the impedance of the secondary winding, 
or by transmitting an alternating-current signal, at a fre- 
quency different from that of the primary electromagnet, 
in such a way as to transfer the encoded signals of the 
parameters of the tyre 20 to a suitable receiver connect- 
ed to a display unit mounted on the dashboard of the 
motor vehicle. 



[00S9] The layout of the data sensing and transf er de- 
vice shown in Figure 4 is only one preferred circuit 
among the possible ones which may be constructed for 
this purpose; with a knowledge of the invention, persons 
skilled in the art will not find it difficult to produce alter- 
native circuits which can best meet their requirements. 
[0090] Conventionally, the tyre manufacturing proc- 
ess, or more precisely the process of assembling the 
semi-finished products, comprises two successive stag- 
es, which will be mentioned only briefly since they are 
already known. Reference may be made, for example, 
to European patent EP 433 974. 
[0091] In the first stage, the carcass is prepared in the 
form of a cylindrical sleeve, without belts and tread 
band, by winding a carcass ply on a suitable building 
drum, preferably of the rigid and collapsible type. Con- 
ventionally, the reinforcing bead cores 22 are produced 
separately and are preferably combined in advance with 
the corresponding filler 26. A pair of these bead cores 
22 is then attached to the carcass by fixing the edges of 
the ply to the said bead cores 22, after which the side- 
walls 24 of the tyre 20 are also applied to the sleeve. In 
the second stage, the sleeve is shaped into a toroid on 
a suitable expandable shaping drum, and the belt struc- 
ture 25 and the tread band 27, preferably pre-assem- 
bled separately on a special auxiliary building drum, are 
applied to its crown. All the semi-finished products re- 
quired for making the green carcass are supplied to the 
tyre building machine by feed devices associated with it. 
[0092] These two stages may be carried out on the 
same tyre building machine or on two separate ma- 
chines, one for the first stage and one for the second; 
for the purposes of the present invention, two separate 
machines will be treated as if they formed a single tyre 
building machine. 

[0093] For the purposes of the production process of 
a tyre 20, the provision of a bead core 22 according to 
the present invention does not require significant mod- 
ifications to the various stages of production briefly de- 
scribed above. In particular, it is possible to modify only 
the stage of production of the bead core 22, while leav- 
ing unchanged the production cycle of the assembly of 
the various semi-finished products. 
[0094] In a first example, in order to produce a bead 
core of the type described with reference to Figures 3 
and 5, when the bead core 22 has been produced in a 
conventional way, two solenoids 30a and 30b, of 0.2 mm 
diameter enamelled copper wire, are wound on a portion 
of the bead wire, around its transverse profile. 
[0095] Each solenoid covers, with adjacent turns hav- 
ing a linear density of 2 turns/mm, a different half of the 
circumference of the bead core 22. The solenoids 30a 
and 30b thus produced are connected together in se- 
ries. The terminals of the series winding are connected 
to the electronic device 44 to supply it with power. 
[0096] The printed circuit, comprising the transmis- 
sion antenna 67, the electronic device 44, the sensors 
46 and 48 and the capacitors 52, 56 and 58, is fixed to 



15 



20 



25 



30 



35 



40 



45 



50 



8 



15 



EP 1 002 669 A1 



15 



the bead wire 22, for example with adhesive. 
[0097] When the formation of the windings and the ap- 
plication of the printed circuit have both been completed 
in a conventional way, the bead filler 26 is attached.to 
the bead core 22. 5 
[0098] In a different example of production, the bead 
wire 22 consists of a winding of 5 turns of steel strip 1 9 
with a breaking toad of more than 1 700 MPa and a cross 
section of 6 X 0.7 mm. Next, before the conducting wire 
windings 30a and 30b are applied, 30 turns of 10 
FeB1B145Si3C2 alloy (metallic glass) strip, having a 
section of 50 urn, thus producing a total of 1.5 mm, are 
disposed along the whole circumferential development 
of the bead core in a radially outward or inward position, 
to form a layer 29 of material with high magnetic perme- *5 
ability on the said bead core 22. 
[0099] This latter alternative is in any case preferable 
where the bead core 22 is formed by windings of fibres 
and yams with low magnetic permeability, for example 
those made from Kevlar®. 20 
[0100] Alternatively, in place of the turns of amor- 
phous alloy strip, in order to avoid the risk of breakage 
of a continuous layer of material which has a low break- 
ing strain, usually less than 3%, the said layer may con- 
veniently be divided into a plurality of small blocks ad- 2S 
hesively bonded around the circumference of the bead 
core. 

[0101] For the purposes of the present invention, ref- 
erence to a conducting element or one having good me- 
chanical properties or having high or low magnetic per- so 
meability have meant an element which has physical 
characteristics considered appropriate by a person of 
average skill in the art. 

[0102] Preferably "conducting material" signifies a 
material having a conductivity of at least 10 S/cm (sie- 35 
mens/cm); "material with good mechanical properties' 
signifies a material which withstands a breaking load of 
at least 500 MPa and has a breaking strain of at least 
3%; and "material with high magnetic permeability" sig- 
nifies a material with magnetic permeability "u max' of 40 
at least 5000 Gs/Oe. 

Claims 

45 

1, Tyre (20) for vehicle wheels, comprising: 

a toroidal carcass provided with a pair of axial ly 
opposing sidewalls terminating in beads (28) 
for fixing the said tyre (20) to a corresponding so 
mounting rim (16), each of the said beads (28) 
being provided with a reinforcing annular core 
(22), 

a tread band (27) disposed on the crown of the 
said carcass and axiaJly extending continuous- 55 
ly between the said sidewalls, 

characterized in that 



at least one of the said annular cores (22) compris- 
es at least one turn (30) of conducting wire wound 
around the transverse profile of the said annular 
core (22) to form a secondary inductive element of 
an electricity generator. 

2. Tyre according to Claim 1, in which the said sec- 
ondary inductive element can be associated with at 
least one primary inductive element (36, 66) to form 
the said electricity generator, the said primary in- 
ductive element (36, 66) and the said secondary in- 
ductive element being movable with respect to each 
other. 

3. Tyre according to Claim 1 , in which the said annular 
core (22) comprises at least one layer of material 
with high magnetic permeability. 

4. Tyre according to Claim 1 , in which the said annular 
core (22) comprises a plurality of blocks of material 
with high magnetic permeability. 

5. Tyre according to Claim 1 , in which the said annular 
core (22) is made from steel and comprises a matrix 
of the elastomer or plastomer type, either thermo- 
plastic or thermosetting, containing soft ferromag- 
netic material in powder form. 

6. Tyre according to Claim 1 , comprising electronic cir- 
cuits supplied from the said secondary inductive el- 
ement. 

7. Tyre according to Claim 6, in which the said elec- 
tronic circuits comprise means (46, 48) for sensing 
certain parameters of the tyre. 

8. Tyre according to Claim 6 t in which the said elec- 
tronic circuits are fixed to the said annular core (22). 

9. Tyre according to Claim 7, in which the said sensing 
means comprise at least one temperature sensor. 

10. Tyre according to Claim 7, in which the said sensing 
means comprise at least one pressure sensor. 

1 1 . Tyre according to Claim 7, in wh ich the said sensing 
means comprise a pair of extensometers (46, 48), 
disposed in two orthogonal directions, which sense 
the deformations of the said annular core (22). 

12. Tyre according to Claim 11, in which the said elec- 
tronic circuits comprise data transmission means 
capable of transmitting the said parameters of the 
tyre. 

1 3. System for sensing and signalling parameters of the 
physical state of a tyre for vehicle wheels, mounted 
on a corresponding mounting rim (16) : comprising: 
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a tyra having a toroidal carcass provided with 
axially opposing sidewalls terminating in beads 
(2B) for fixing the said tyre (20) to the said rim, 
each of the said beads (2B) being provided with 
a reinforcing annular core (22), and a tread 
band (27) disposed on the crown of the said 
carcass and axially extending continuously be- 
tween the said sidewalls, 
a device for sensing the said parameters of the 
physical state of the said tyre, and 
an electricity generator for the supply of the 
said sensing device, characterized in that at 
least one of the said annular cores (22) com- 
prises at least one turn (30) of conducting wire 
wound around the transverse profile of the said 
annular core (22) to form a secondary inductive 
element of the said electricity generator. 

1 4. Sensing system according to Claim 1 3, in which the 
said secondary inductive element can be associat- 
ed with at least one primary inductive element (36, 
66) to form the said electricity generator, the said 
primary inductive element (36, 66) and the said sec- 
ondary inductive element being movable with re- 
spect to each other. 

15. Sensing system according to Claim 14. in which the 
said primary inductive element comprises at least 
one permanent magnet (66a-66f). 

1 6. Sensing system according to Claim 1 4, in which the 
said primary inductive element comprises at least 
one electromagnet (36a, 36b) and at least one sec- 
ond turn (39a, 39b) of electrically conducting wire 
wound around the transverse profile of the said at 
least one electromagnet (36a, 36b) to form at least 
one primary winding of the said electricity genera- 
tor 

17. Sensing system according to Claim 1 5, in which the 
said electromagnet (36a, 36b) is supplied with di- 
rect current 

18. Sensing system according to Claim 15, in which the 
said electromagnet (36a, 36b) is supplied with al- 
ternating current. 

19. Sensing system according to Claim 15, in which the 
said electromagnet (36a, 36b) is supplied with di- 
rect current and with alternating current. 

20. Method for producing a tyre, comprising the follow- 
ing steps: 

producing on the preparation machines the 
semi-finished products required for building a 
tyre, comprising a pair of ferromagnetic annular 
elements (22) for fixing the said tyre to a corre- 



sponding mounting rim (16); 
- forming a first secondary winding (30) of an 
electricity generator, by disposing on at least 
one annular core (22) of the said pair, called the 
5 annular coil element, at least one first turn of 

electrically conducting wire, wound around the 
transverse profile of the said annular coil core 
(22), and 

assembling the said semi-finished products on 
10 tyre building machines to form a green carcass 

for the said tyre, comprising at least one annu- 
lar coil core (22). 

21 . Method for producing a tyre, according to Claim 20, 
15 comprising the further step of fixing means (46, 4B) 
lor sensing certain physical parameters of the tyre, 
supplied from the said power generator, to the said 
annular coil core (22). 

20 22. Method for producing a tyre, according to Claim 20, 
in which the step of disposing a layer of material 
with high magnetic permeability on the circumfer- 
ence of the said at least one annular core (22) while 
it is without the said one turn is carried out before 

25 the step of forming a first secondary winding. 

23. Method for generating an electrical current within a 
tyre for the supply of at least one electronic device, 
comprising the stage of inducing a variable magnet- 
30 ic field in a winding formed by at least one turn 
wound around a bead core belonging to the said 
lyre. 
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